Introduction
The Overall Structure DNA damage activates a series of checkpoints that arThe crystal structures of Chk1KD apoenzyme and its rest cell cycle progression for repair of damaged DNA binary complex with an ATP analog, AMP-PNP, have (Hartwell and Weinert, 1989; Weinert, 1998) . These been determined to 1.7 Å resolution. Chk1KD contains checkpoints interfere with the cyclin-dependent kinases a C-terminal 6ϫHis tag and the first 289 amino acids of (Cdks), which coordinate cell cycle progression (Murray, human Chk1, consisting of the conserved kinase domain 1992; Elledge, 1996; O'Connor, 1997). At the G2 checkand part of the linker region. Table 1 Data for the outermost resolution shell are given in parentheses. The two lobes of Chk1KD are linked by ␤6Ј of the form van der Waals contacts and interact with the hydrophobic core of the C-terminal lobe. Interactions of hinge region and held together at the lobe interface by an extensive hydrogen-bond network that involves ␤6Ј, the PW residues may help position the side chain of Leu206 that forms a hydrophobic pocket with side the loop linking ␣C and ␤4 of the N-terminal lobe, and strands ␤7 and ␤8 of the C-terminal lobe. Residues from chains from the IEPDIG motif. These motifs could be important for substrate interaction as described below. this network also form part of the pocket that interacts with the adenine moiety of AMP-PNP. The conserved Helix ␣E contains a conserved motif Ala-Gln-X-PhePhe-X-Gln-Leu (residues 107-114), in which the hydroLys69 and Lys145 in this hydrogen-bond network interact with the projected side chain of Glu85 that is phobic residues are buried inside the C-terminal lobe. The side chain of Gln108 projects out of the kinase conserved at the end of ␤5 in Chk1 proteins. These interactions appear to maintain the relative position of domain and forms hydrogen bonds directly or through a water molecule to backbone atoms of the linker region the N-terminal lobe and the Asp-Phe-Gly motif in the C-terminal lobe, allowing a coordinated movement durthat follows ␣I. Although Chk1 sequences diverge in this linker region, these backbone interactions with Gln108 ing lobe closure. Mutation of the equivalent Glu to Asp in S. pombe Chk1 led to a temperature-sensitive phenocould still be conserved, thereby helping to anchor the linker to ␣E. type (Francesconi et al., 1997). The Chk1KD crystal structure indicates that disruption of the interactions formed by this conserved Glu residue could render Chk1
The Activation Loop Phosphorylation of the activation loop serves as a moproteins structurally less stable. lecular switch for activation of many kinases (Johnson et al., 1996) . For Cdk2, phosphorylation of Thr160 is Conserved Motifs The IEPDIG motif of Chk1KD (residues 96-Ile-Glu-Prorequired for its activity (Russo et al., 1996). There is no equivalent Thr in the activation loop of human Chk1 Asp-Ile-Gly-101) limits ␣D to a one-turn helix because Pro98 initiates a tight turn between ␣D and ␣E (Figures (Figure 2 ), indicating that Chk1 is regulated through a different mechanism than Cdk2. Indeed, the activation 1 and 2). This turn interacts with the C terminus of ␣F through a backbone hydrogen bond between Asp99 and loop of Chk1KD is already folded into an active conformation (Figure 3) . an invariant Gly204. Within this turn, Glu97 forms backbone hydrogen bonds with Ile100 and Gly101. ComThe activation loop of Chk1KD appears to be stabilized by its secondary structure and side chain interacpared with ␣G of PhK, ␣G of Chk1KD is positioned differently ( Figure 1B) and is flanked by two pairs of invariant tions (Figures 1 and 2) . The antiparallel ␤ strands of ␤10 and ␤11 are almost perpendicular to the antiparallel ␤ PW residues (Pro207/Trp208 and Pro230/Trp231) that , 1999) .
The physiological significance of the finding that Chk1KD is more active than the full-length Chk1 requires further investigation of the cellular Chk1 activity. The C-terminal region may regulate Chk1 kinase activity directly. This region contains several motifs conserved within Chk1 proteins but shows no sequence homology to other proteins. Although this region is not included in Chk1KD, the crystal structure suggested potential mechanisms of regulation. The C-terminal region could control the access of substrates to the Chk1 kinase 
